In the present study, we analysed spatial and temporal heterogeneity of the limnological characteristics to provide more detailed information about the processes taking place within Mantovo Reservoir (Republic of Macedonia). The relationship between principal macroinvertebrate species and environmental variables was analysed in order to explore factors that dominantly affect community distribution pattern. Unlike the most reservoirs, strong longitudinal gradient for suspended organic matter and nutrients (total phosphorous, nitrates and nitrites) along the reservoir doesn't exist. However, the process of thermal stratification has a strong influence on the metabolism and structure of the Mantovo ecosystem, which can be demonstrated by the vertical and longitudinal distribution of dissolved oxygen (DO), CO2, pH and metals concentrations. Canonical Correspondence Analysis (CCA) indicated that the main factors controlling spatial distribution of Limnodrilus hoffmeisteri and Chironomus plumosus group were temperature, dissolved oxygen and manganese, including sulphates for C. plumous group. Chaoborus crystallinus showed opposite distribution pattern. Cladotanytarsus mancus group was strongly associated with shallower part (littoral and sublittoral) of Mantovo Reservoir characterized by favourable oxygen condition. None of the environmental variables included in CCA showed any relationship with density of Procladius sp.
Introduction
Reservoirs represent specific, spatially heterogeneous systems. The physical, chemical and biological changes along the main axis of a reservoir (river-lake transition) frequently comprise strong spatial (longitudinal) gradients (Wetzel 2001) . In general, a reservoir can be divided along the longitudinal axis into three zones (Kimmel et al. 1990) , the riverine, the transition and the lacustrine zone. The most upstream part of the reservoir receives the easily degradable organic matter of riverine origin, which is deposited on the sediment and mineralized. In the deeper part of the reservoir also in-situ produced particles (e.g., algae) settling to the sediment consume oxygen. Thus, from the headwater of the reservoir to the dam, the rapid change from an allochthonous dominated system to a more lacustrine system (dominated by the autochtonous production) occurs (Friedl & Wüest 2002) .
Seasonal events can make the spatial structure even more complex, both vertically and horizontally (Nogueira et al. 1999 ). In the thermally stratified reservoirs, the suppression of vertical transport processes at the thermocline normally allows an oxygen gradient to occur which can cause anoxic conditions to develop in hypolimnion. The depletion of oxygen triggers reduction of nitrate, manganese (hydr)oxides, iron (hydr)oxides and sulphate (Friedl & Wüest 2002) . Reduced products such as ammonia, manganese, iron and hydrogen sulphide then accumulate in the deep waters. Thus, stratification deteriorates the water quality of the reservoir, causing changes in the structure of oxygen dependent benthic communities, especially in the profundal region (Slavevska-Stamenković et al. 2010) .
Oxygen concentration in the profundal and the supply of organic food material from the photic zones above are both directly related to lake productivity (Wiederholm 1983) . This means that profundal invertebrate communities are strongly influenced by the trophic state of a lake and may be used in the assessment of the ecological conditions of a given lake. The response of invertebrates to the extent and duration of oxygen depletion underlies the use of benthic inver-V. Slavevska-Stamenković et al.
tebrates to classify deep lakes (Brundin 1949; Saether 1975; Wiederholm 1983) .
Numerous studies have been dedicated to describing dynamics of benthic communities, its relationship with environmental factors, as well as the impacts of degradation/pollution/eutrophication on biodiversity (Cowell & Vodopich 1981; Jönasson 1984) . For example, Jönasson (1984) showed that hypolimnion oxygen content, food quantity and quality, and water temperature are the main factors influencing the community structure of benthic macroinvertebrates in lakes and reservoirs. According to Henderson-Sellers & Markland (1987) , the benthic fauna reacts to variations in physical properties of a basin and chemical characteristics of the overlying water. Other studies have shown dramatic seasonal changes in the benthic community which occur as a result of different life history parameters (growth rates, numbers of generations per year, emergence patterns, etc.) of individual species (e.g., Ward & Cummins 1978; Slavevska-Stamenković et al. 2009 ). Thus, it is important to relate the distribution and abundance of benthic invertebrates to lake type (trophic level), physical-chemical characteristics, and life cycles and growth patterns of the major taxa.
Reservoir studies in the Republic of Macedonia, have been mostly focused on algal bloom and composition of bottom fauna (Slavevska-Stamenković et al. 2009 ). Unfortunately, there have been no detailed studies about hydrodynamic processes of the Macedonian reservoirs, or on the relation of the reservoir spatial and temporal dynamics and structure of benthic community. Having a better understanding of the main physical and chemical processes and the ecological response of the reservoir to such processes may be essential for its management. So, in the present study, we analysed (1) spatial and temporal heterogeneity of the limnological characteristics to provide more detailed information about the limnological processes taking place within Mantovo Reservoir (South-Eastern part of the Republic of Macedonia); and (2) principal macroinvertebrates taxa -environmental variables relationship to explore factors that dominantly affect community distribution pattern.
Study site

Mantovo Reservoir (41
• 58 32 N, 22
• 32 37 E) is located in the northern temperate area, in the South-Eastern part of the Republic of Macedonia at an altitude of 402.5 m a.s.l. The reservoir was built in 1978, by damming the Kriva Lakavica River, which belongs to temporal waters (Gelev 2001) . Mantovo is classified as a large reservoir (Vasilevski 1995) having a surface area of 4.94 km 2 and maximal depth of 20 m. The length of the reservoir is approximately 5.5 km and the average width is about 0.80 km. There are water level fluctuations (3-5 m) since water is used for irrigation of the surrounding fields (via an 8.26 km long artificial channel Vrastica built in the foothills of Smrdes Mts). Additionally, volume of the lake had undergone significant reduction due to strong erosion on steep shores (Gorgievski 1999 ). There were numerous smaller inlets along the lake shore, many of which were dried the most part of the year. The geology consists primarily of limestone and igneous and metamorphic rocks rich with copper, iron and manganese (Mijalov 1991) .
A recent survey of the thermal regime showed Mantovo is a dimictic reservoir (Slavevska-Stamenković et al. 2009 ) and show similar pattern to Matka Reservoir (Smiljkov 1996) . From January to April there was no variation trend for temperature, showing that the lake was well mixed. From May to October, stable summer stratification developed, as indicated by the decrease in temperature in the upper and lower profundal region. Occasionally, stratification occurred in sublittoral, too. Short period of the reversal thermal stratification was noticed in December.
It is well known that the retention time is a key parameter controlling the structure of aquatic ecosystems, but in case of Mantovo it was impossible to calculate considering that outflow does not exist (Gelev 2001) . However, roughly estimated it presents a reservoir with long water retention time.
Currently, the level of agricultural activities in the region was low and human impacts were primarily connected with recreational activities and influence of seasonal settlements along the shore. Waste water from villages (with no sewage systems) lying in the surroundings of the reservoir had additional negative effect.
Material and methods
Monthly sampling of the surface and bottom water, as well as macroinvertebrates from four stations situated on the depth profile (2.8 m, 6.8 m, 10.2 m and 20.3 m) across the reservoir was performed during the period from May 2003 to April 2004 (Fig. 1) . Detailed habitat characteristics as well as descriptions of field and laboratory methods are given by Slavevska-Stamenković et al. (2009) , with a short summary presented here. First sampling station (depth of 2.8 m) is located near the mouth of the Kriva Lakavica River and belongs to littoral area (riverine zone). The bed material is composed mainly form fine sediment (silt and find send). Coarse sand and gravel are present with participation of no more than 10%. Woody debris and detritus cover the bottom in particular areas (about 5% of the bottom in littoral zone). The next sampling station (depth of 6.8 m) belongs to sublittoral area (transitional zone). The character and structure of the littoral sediments influence the formation of sublittoral habitats. Thus, the bed in sublittoral contains a higher percentage of sand and decomposing vegetation than littoral. Sampling site situated in the centre of the lake (depth of 10.2 m) according SlavevskaStamenković et al. (2009) belongs to upper profundal. It is a zone thought to be less subject to environmental variation caused by mass water movement. The bed is composed of silt. The last sampling station (depth of 20.3 m) is located near the dam (lower profundal). The bed is composed of black fine sediment with unpleasant odour which indicates the presence of toxic sulphides. The central and the deepest parts of the lake belong to lacustrine zone. The boundaries between the three zones are not well defined and can be highly dynamic, in response to inflow characteristics. Nevertheless, separating the reservoir into three zones (riverine, transitional and lacustrine zone) will be useful in studying the main processes taking place in each one.
The (APHA 1992) were used for all parameters and atomic absorption spectrometry for metals.
Biological investigations were carried out according to standard methodology for sampling (Rosenberg et al. 1997) . Two benthic samples were taken with an Ekman's grab (225 cm 2 ) at each sampling stations and preserved with 4% formaldehyde solution. In total, 96 samples were collected during the investigated year. To complete the species list, qualitative samples were taken with hand net near the lake shore. Macroinvertebrates specimens were examined microscopically and identified to the lowest taxonomic level possible, using the following taxonomic keys: Saether (1970) ; Pankratova (1970 Pankratova ( , 1977 Pankratova ( , 1983 ; Brinkhurst & Jamieson (1971) ; Cranston & Reiss (1983) ; Vallenduuk & Moller Pillot (2007) and Timm (2009) .
Mean densities were expressed as number of individuals per square metre of sediment surface (ind. m −2 ) and as relative contribution (%) of the species in benthic community. The dominant taxa within the benthic community were taken into consideration during the data analyses.
In order to determine the spatial variability in physicochemical parameters within the reservoir, the non-parametric Mann-Whitney U-test was applied. For this analysis only bottom water data from May to August (stratification period) were used. To test significant differences in density of dominant taxa [Limnodrilus hoffmeisteri Claparède, 1862, Chaoborus crystallinus De Geer, 1776, Procladius sp., Cladotanytarsus mancus (Walker, 1856) group and Chironomus plumosus (L., 1758) group] between different depth regions, the same test was performed. Data from the whole investigated year (from May 2003 to April 2004) were considered. Relationship between 16 environmental variables and selected macroinvertebrates abundance were evaluated using the Pearson's correlation coefficient test. Mann-Whitney U-test and Pearson's correlation coefficient test were performed by using Statistica for Windows (Version 6.0).
In addition, Canonical Correspondence Analysis (CCA) (ter Braak 1986) was applied in order to determine relationships between species distributions and environmental parameters. Forward selection (FS) of environmental variables (ter Braak & Verdonschot 1995) was used prior to CCA to select a combination of parameters (environmental variables) that explained the most of the variation observed in the dominant species matrix. FS was done for full data set. The variables were put through the automatic forward selection with a Monte Carlo permutation test by using "Flora" Software (Version 2011) (Karadžić & Marinković 2009 ). The same software was used to perform CCA. The obtained results for Mann-Whitney U-test, Pearson's correlation coefficient test and Monte Carlo permutation test were considered significant at P < 0.05.
Results
Physical and chemical characteristics
Statistical data analyses showed significant differences (P < 0.05) in temperature between the littoral and the other depth layers (sublittoral, upper profundal and lower profundal) during the period of stagnation.
The pH values (see Appendix 1) ranged from slightly acidic -6.34 (at upper profundal bottom in May) to slightly alkaline -8.72 (at sublittoral surface in September). In fact, the higher pH values were measured in surface layers during the whole study period. During the period of summer stratification, there was a statistically significant difference (P < 0.05) in pH between littoral and the other depth region.
Concerning dissolved oxygen (DO), water was well oxygenated in winter, during spring and autumn mixing, as well as in surface layer of water during summer months (Fig. 2) . During the summer stagnation period, lower dissolved oxygen (DO) values were recorded in the bottom of upper (1.2-5.7 mg L −1 ) and lower profundal (0.9-3.4 mg L −1 ). Vertical gradients occurred in sublittoral in July. Significant differences (P > 0.05) were not found only between bottom water at upper and lower profundal.
Simultaneously, higher concentrations of carbon dioxide (CO 2 ) were measured in the bottom of lacustrine zone and occasionally in the bottom of sublittoral, with maximum value (10.94 mg L −1 ) detected in upper profundal in May (Fig. 3) . Thus, the data analyses showed significant differences (P < 0.05) in concentrations of the latter between the riverine zone and the transitional (sublittoral) and lacustrine zone. Except in November, carbon dioxide (CO 2 ) was not registered in the littoral area. During the rest part of the year, carbon dioxide almost was registered neither in surface nor in overlaying water.
Data for major ions are shown in Appendix 1. Calcium (Ca 2+ ) and magnesium (Mg 2+ ) concentrations were generally high reaching up to 120.2 mg L −1 (littoral in March) and 54.72 mg L −1 (lower profundal bottom in May). There were slight fluctuations among the stations. During the investigated period relatively high mean chlorides (Cl − ) and sulphates (SO 2 4 ) concentrations (20.7 and 37.23 mg L −1 , respectively) were detected. The observed values were less variable in space and time.
Water transparency (Secchi disk) values are presented in Figs 4 and 5. Higher clarity was observed during the spring-summer period. Maximum values (3 m) were registered in August. Transparency moderately increased (2 m) in January, too. During the rest part of the year, lower values were observed (Fig. 4) . During the whole investigated period, the littoral area was characterized with the lowest transparency (1.1-2.2; Fig. 5 ).
Concerning the concentrations of suspended (POM) and dissolved organic matter (DOM), maxi- (Fig. 6) , reaching up to 2.54 mg L −1 in the overlying water in the deepest part of the lake (Appendix 2). During the period of stratification nitrate (NO − 3 ) concentrations decreased, with minimum values in August in the bottom water at sublittoral and lower profundal (0.13 mg L −1 ). The second peak was observed in December (Fig. 6) , with the highest values in the littoral layer (2.09 mg L −1 ; Table 2 ). An increase in nitrite (NO − 2 ) concentration was observed in July (Fig. 6) , reaching maximum values in the upper profundal (0.190 mg L −1 ) and lower profundal bottom water (0.130 mg L −1 ; Appendix 2). From May to August no significant differences (P > 0.05) in TP, nitrate and nitrite concentrations were found at the bottom waters among the sites.
During the period of summer stratification concentrations of ammonia (NH + 4 ) moderately increased only in the hypolimnion of lacustrine zone (Appendix 2). In addition, high average values in the whole water column were observed in December (Fig. 6) , with maximum concentrations (1.03 mg L −1 ) in the surface water at the central part of the lake (Appendix 2). The data analyses showed significant differences (P < 0.05) in concentrations of the ammonia between the riverine zone and the upper profundal.
During the period of stagnation, no significant variation (P > 0.05) in manganese (Mn) concentrations were found between bottom water at littoral and sublittoral, sublittoral and upper profundal or among the upper and lower profundal. In addition, significant variation (P < 0.05) in iron (Fe) concentrations between littoral and upper profundal were observed.
Macroinvertebrate fauna analyses
Analysis of population density dynamics of dominant taxa within different depth zones from Mantovo Reservoir was the subject of the study as well (see Fig. 7 and Table 1 ). Limnodrilus hoffmeisteri, C. crystalli- 
Explanations: 1 -littoral; 2 -sublittoral; 3 -upper profundal; 4 -lower profundal. Significant differences (P < 0.05) are marked with "+"; no significant differences with "-".
nus, Procladius sp., C. mancus group and C. plumosus group were the most numerous taxa (2288.03, 710.06, 438.50, 340.35 and 334.79 ind. m −2 ) in the reservoir, with 50.09, 15.55, 9.60, 7.45 and 7.33% contribution to the total macroinvertebrates community, respectively. Other taxa (30) encountered were uncommon and comprised the remaining 9.98% (Slavevska-Stamenković et al. 2009 ).
The results indicate that there were significant differences (P > 0.05) in L. hoffmeisteri and C. plumosus group densities between lower profundal and the other three depth regions (Figs 7a,b) . In addition, the latter species was significantly (Table 1) more abundant (557.5 ind. m −2 ) at the upper profundal (Fig. 7) . Chaoborus crystallinus density (29.6, 230.0, 800.1 and 3220.8 ind. m −2 ) significantly increased (Table 1) along the depth gradient and there were significant differences between all sites (Fig. 7C) . Density of Procladius sp. Increased more significantly in the sublittoral region (685.9 ind. m −2 ) than at the other sites of Mantovo Reservoir (Fig. 7D, Table 1 ). Further, significant differences in abundance of this species among the central and deepest part of the lake were not recorded. Cladotanytarsus mancus group density was significantly lower in deeper sites (7.4 ind. m −2 in the central part and no specimens near the dam) than in the shallower parts and no significant differences (Table 1) in its abundance (568.6 and 451.6 ind. m −2 ) between littoral and sublittoral were noticed (Fig. 7E) .
Further, we analyzed dominant macroinvertebrates species -environmental variables relationship to explore factors affecting distribution patterns. Pearson's correlation coefficient test was calculated separately for every species (Table 2) . The results clearly showed that L. hoffmeisteri density was negatively related to depth (-0.5566) and positively to DO (0.3565). Four environmental variables showed significant univariate relationship with C. crystallinus and C. mancus group density (Table 2) . Regarding the former, abundance positively correlated with depth (0.5848). Temperature (-0.3322) was negatively associated with C. crystallinus density. Cladotanytarsus mancus group density negatively correlated with depth and potassium permanganate (KMnO 4 ) (-0.4149 and -0.2922, respectively) while with DO (0.3068) showed a positive relationship. Chironomus plumosus group abundance correlated to depth (-0.4085) negatively, while it showed a positive relationship with concentration of SO 2− 4 (0.3720). Procladius sp. abundance showed negative relationship with pH values (-0.3349).
From the group of 16 environmental variables, forward selection incorporated 6 variables (temperature, DO, CO 2 , Fe, NO − 2 and Mn) in the CCA model. Of the variables included in the model, only temperature (P = 0.043) and DO (P = 0.018) significantly explained the spatial distribution of dominant species (P < 0.05, Monte Carlo permutation test) in Mantovo Reservoir.
The first axis of the CCA retains the contrast between C. crystallinus and the remaining taxa. Chaoborus crystallinus is positioned to the extreme right whereas the other species (e.g., L. hoffmeisteri) are located on the left end (Fig. 8) . Increased abundance of phantom midge is associated with decreased abundance, especially of the L. hoffmeisteri and C. plumosus group.
The first axis approximates a gradient from high DO to high Mn concentrations at the studied sites, with the position of C. crystallinus indicating a greater abundance at lower concentrations of DO but higher concentrations of Mn. Chaoborus crystallinus was also negatively correlated with temperature of bottom water. In contrast to phantom midge, L. hoffmeisteri was positively correlated with concentrations of DO and temperature, while negatively with concentrations of Mn. Projecting the C. plumosus group on the first CCA axis indicated that this taxon showed similar distribution pattern as L. hoffmeisteri.
The second axis was connected with the processes of decomposition of organic matter (NO − 3 and CO 2 ), with position of C. mancus group indicating a greater abundance at higher concentrations of NO − 3 . None of the environmental variables included in CCA showed a relationship with density of Procladius sp.
Discussion
Dynamics of the limnological characteristics
There are few main factors influencing the process of temporal and spatial compartmentalization in reservoirs. According to Kennedy & Walker (1990) , long water retention time accompanied with high sedimentation rates and slower flushing rates play a major role in the distribution and longitudinal gradation of nutrients in reservoirs. In addition, high concentrations of nutrient inflow appeared to stimulate longitudinal gradients in nutrients (Nogueira et al. 1999) .
As already mentioned, roughly estimated Mantovo represents a reservoir with longer water retention time. The riverine zone was characterized by higher flow and shorter residence time only from March to July, as in the rest part of the investigated year Kriva Lakavica River was dried. Thus, nutrient dynamics in this part of the reservoir was mainly affected by river inflow. High content of silt, nutrients, suspended and dissolved mat- ters were carried by the river (Slavevska-Stamenković et al. 2009 ). Therefore, penetration of light was reduced. In the rest part of the year, fall and spring overturns caused sediment resuspension and clarity decreasing. These findings are in close agreement with many published data, for example by Tufford & McKellar (1998) and Nogueira et al. (1999) . The authors revealed that the poor transparency in upstream regions of Lake Marion and Jurumirim Reservoir, were directly associated with the high values of suspended solids transported by the rivers.
Concerning the transitional zone, significantly higher concentrations of POM and DOM in the sublittoral bottom water were detected, indicating intensive sedimentation. Decreased turbidity in a zone of "active sedimentation" results in enhanced depth of light penetration. Observed conditions in transitional zone are in accordance with data of Kimmel et al. (1990) who studied the main process which characterized each of the main zones in reservoirs.
The lacustrine zone in reservoirs is characterized with longer residence time, higher transparency, lower available nutrients and lower suspended matter (Kennedy & Walker 1990; Wetzel 2001) . Considering the POM, DOM and nutrients (TP, NO − 3 and NO − 2 ) a reverse pattern was observed in the present study. As in case of other reservoirs in the region (Smiljkov 1996; Miljanovic et al. 2004 ) before filling Mantovo Reservoir, the soil and vegetation were not removed. So it is obvious that large quantity of undecomposed organic matter contributed to high concentrations of POM and DOM in the bottom water of the lacustrine zone (upper and lower profundal). Thus, unlike most reservoirs with a longer retention time (Kennedy & Walker 1990; Nogueira et al. 1999) , strong longitudinal gradient for POM, DOM and nutrients along the reservoir does not exist.
However, results of this study showed that seasonal events such as the process of thermal stratification have a strong influence on the metabolism of the ecosystem Mantovo, especially in the lacustrine zone. The influence of stratification can be demonstrated by the vertical and longitudinal distribution of some chemical variables, such as DO, CO 2 , pH and metals concentrations. As a result of higher flow, riverine zone was well oxygenated during the summer period. In presence of high concentrations of POM and DOM, weak stratification in July caused occasional oxygen deficit in the bottom water in the transitional zone, accompanied with CO 2 releasing, a phenomenon characteristic of many other stratified reservoirs (Kennedy & Walker 1990; Nogueira et al. 1999 ).
As summer progressed, DO decreasing continued in the downstream direction, contributing to vertical gradients in the central and the deepest part of the lake. Thus, maximum differences of 6.96 and 7.01 mg L −1 DO in the vertical profile measured in the dam zone in September and October were observed. Simultaneously, as results of intensive decomposing processes, CO 2 appeared in the bottom water of the lacustrine zone. Consequently, pH decreased. Under hypoxic, almost anoxic condition in the deepest part of the reservoir, it is possible that large amounts of toxic hydrogen sulphide (H 2 S) were also produced in this region, which, according to the suggestion of Prat (1978) , was confirmed with black color on the mud and unpleasant odor (personal observation directly on the field). All these results indicated that, under condition of considerable organic loading, summer stratification deteriorates the water quality of Mantovo Reservoir. According to Wetzel (2001) hypoxic conditions are associated with eutrophic environments, which is a direct result of increased nutrient loading.
At the beginning of the stratification period (May), higher values of NO − 3 were measured in the bottom water, with maximum concentrations detected in the deepest part of Mantovo Reservoir, which indicated that mineralization of organic matter, was going to end. However, as stratification became pronounced, it is possible that lower DO concentrations suppressed further nitrification, which could explain increases in concentrations of NO − 2 and NH + 4 in hypolimnion of the investigated reservoir. According to Saton et al. (1993) DO level of about 0.6-0.7 mg L −1 appeared critical in impeding efficient nitrification and denitrification seems to have taken place at the bottom sediment.
Because of the ecological significance and the pollution potential of trace metals, it is important to understand processes responsible for their mobilization from the sediment in to the water column. In terms of spatial and temporal variations in metals concentrations, a number of studies confirmed that the process of thermal stratification has a strong influence on their dynamics (Hudson & Morel 1993; Wu et al. 2001; Vasconcelos et al. 2002) . Namely, redox sensitive elements such as Fe, Mn and Cu exhibit seasonal changes resulting from changes in oxidizing and reducing conditions in lakes and reservoirs that stratify in summer. During the stratification period higher concentrations of metals in the bottom water of lacustrine zone in Mantovo were registered (Slavevska-Stamenković et al. 2009 ). Probably, under pronounced oxygen deficit accompanied with significantly lower pH values, reduction and dissolution of metals in the bottom water in the lacustrine zone occurred. Having in mind that for better understanding of metals dynamics, analyses of sediment should be considered, investigation on Mantovo Reservoir should continue in the future.
Factors affecting distribution patterns of dominant macroinvertebrates Like in many other eutrophic reservoirs in the region (Smiljkov 1996; Miljanovic et al. 2004 ) and widely (Simić & Simić 1999; Zinchenko 1992; Koskenniemi, 1992; Real et al. 2000) , dominant macroinvertebrates in Mantovo were cosmopolitan taxa, such as L. hoffmeisteri, C. crystallinus, C. plumosus group, Procladius sp.and C. mancus group. Among dipterans, only C. crystallinus is not a typical bottom dweller, since larvae of most of phantom midge species undergo diurnal vertical migration like many zooplankton organisms (Büns & Ratte 1991; Gosselin & Hare 2003) .
The results of this study showed that C. mancus group was strongly associated with the shallower part (littoral and sublittoral) of Mantovo Reservoir with favourable oxygen condition, which is in close agreement with many published data, for example by Beattie (1982) and Heinis & Davids (1993) . They found that C. mancus group was characteristic of the littoral zones of the eutrophic lakes Tjeukemeer and Haringvliet. This taxon seems to be eutrophic, but according suggestion of Van den Berg et al. (1997) , as well as by the results of this study, oxygen-stress sensitive species. It is possible that type of sediment has additional influence of C. mancus group distribution. Cladotanytarsus species build tubes of fine sand grains (Wolfram 1996) , and thus, occurred in Mantovo Reservoir mainly on sandy sediments, as were found in riverine and transitional part of reservoir. Their preference for sandy sediments or even gravel has also been reported by several authors (Beattie 1982; Heinis & Davids 1993; Kangur et al. 1998 ).
In the current study, the abundance of Procladius sp. was not related with depth. However, statistical analyses show that predatory larvae of Procladius sp. were mainly concentrated in the sublittoral region of Mantovo Reservoir, while littoral as well as both profundal regions were very sparsely populated. These results concur with observation by Smiljov (1996) who found similar distribution pattern of Procladius choreus (Meigen, 1804) in Matka Reservoir (R. Macedonia). Although Specziár & Biro (1998) assumed that P. choreus represents an eurytopic species with nearly uniform abundance pattern along the longitudinal axis of Lake Balaton (Hungary), however, many other authors, for example Darlington (1977) and Mitrakhovich et al. (2004) agree that this species mainly inhabit silted sands of sublittoral (intermediate) zone. We suppose that a balance of several other factors, not included in our data set, regulated distribution of Procladius sp. in Mantovo Reservoir. Namely, in reservoirs longterm subject to wide fluctuations of water level and to high amounts of allochthonous sediment, as is case of Mantovo Reservoir, only mobile fauna like Procladius are able to withstand this environmental instability and inhabit more stable sublittoral region (Smiljov 1996; Real & Prat 1992) . Although sand was also found in the littoral of Mantovo Reservoir, according suggestion of Vodopich & Moore (1984) , the effect is nullified by high organic content deposited on the bottom (woody debris and detritus). Further, free-living habit makes Procladius sp. relatively independent of hypoxic and anoxic sediments, and this adaptation, behavioural rather than physiological (Bazzanti & Seminara 1987) probably contributed to its lower abundance and almost absence from the lacustrine zone of Mantovo. Additionally, we assume that scarce benthic food near the dam (L. hoffmeisteri and C. plumosus group; see Figs 7A, B) was not enough to meet the energy demand of this predatory chironomid.
The current study shows that the abundance of L. hoffmeisteri and C. plumosus group was quite constant beginning from the littoral up to the upper profundal. As strong depth gradient for POM, DOM and nutrients along the reservoir Mantovo does not exist, it is reasonable why these highly eutrophic species (Milbrink 1994; Margaritora et al. 2003) show almost homogenous distribution in Mantovo Reservoir up to its central part.
Concerning the lower hypolimnion (also with high content of organic matter), scarce populations of L. hoffmeisteri and C. plumous group were noticed. Key factors controlling their spatial distribution were temperature, DO and Mn, including SO 2− 4 for C. plumous group. Probably, as a result of cumulative effect of toxic products of anaerobic respiration (CO 2 , NH + 4 possibly and H 2 S) and high value of trace metals (mainly Mn) absence of benthic animals in the deepest part of Mantovo Reservoir occurred. According to Dinsmore et al. (1999) the quadratic relationship found between profundal macroinvertebrate biomass (PMB) and DO concentration suggests that PMB was greatest in lakes where late summer DO concentration ranged from 3-7 mg L −1 , but was suppressed in lakes where it was outside this range. Further, Wiederholm (1984) found that macroinvertebrates often respond to heavy metal stress quantitatively by overall reductions in total abundance, and qualitatively by decreased species richness. Also, Real et al. (2000) showed that as a results of prolonged oxygen deficit at the end of the stratification period, large amounts of toxic H 2 S are produced in hypolimnion of Spanish reservoirs and consequently, most organisms disappear. With respect to the profundal oligochaete assemblages (Milbrink et al. 2002) as well as chironomidae community (Saether 1975) , results of this study indicate bad ecological status of Mantovo Reservoir.
In comparison with L. hoffmeisteri and C. plumous group, the abundance of C. crystallinus significantly increased with depth. A similar distribution pattern was reported by many authors, for example by Daniel (1972) .
In Mantovo, the main factors controlling phantom midge spatial distribution were temperature, DO and Mn. The unfavourable conditions in the deepest part of Mantovo were obviously not lethal for phantom midge larvae. Biochemical measurements by Scholz & ZerbstBoroffka (1998) confirm that C. crystallinus larvae can respire anaerobically for long periods of time, which results in high concentrations of succinate and alanine as metabolic end products. Chaoborus spp. could survive H 2 S in a concentration 5 times higher than those known as lethal for other animals and do not accumulate trace metals from overlaying water, because its exoskeleton is little permeable to dissolved contaminants (Gosselin & Hare 2003) .
Of course, physical-chemical parameters are not the only key factors determining spatial distribution of the phantom midge larvae. According to Garcia & Mittelbach (2008) , Chaoborus species present prey for planktivorous fish, thus, their distribution and abundance correlated with the presence or absence of fish. Observations by Berendonk & Bonsall (2002) suggest that C. crystallinus displayed selective oviposition behavior, choosing fish-free habitats. As rare fish populations in Mantovo Reservoir exist (Fishery management plan for Mantovo Reservoir, Official Gazette 2011), we could suppose that the increase in density of phantom midges in the deeper parts of the reservoir additionally resulted in reduction or absence of fish predation. Further surveys will be necessary to complete the data of the distribution pattern of Chaoborus in Mantovo Reservoir.
Conclusion
The long dry season of the Kriva Lukavica River and the absence of the outflow mainly influence the limnological characteristics of Mantovo Reservoir as well as the structure of benthic community. The process of thermal stratification had an additional influence on the metabolism and structure of the Mantovo ecosystem, which can be demonstrated by the vertical and longitudinal distribution of DO, CO 2 , pH and metals concentrations.
Having a better understanding of the main physical and chemical processes and the ecological response of Mantovo Reservoir to such processes may be essential for its management. Thus, the obtained data may serve in preparation of measures to reduce the pressures and consequently, to improve the status of the reservoir. Our study showed that monthly monitoring of water quality determinants could be reduced to the following physicochemical parameters: temperature, pH, transparency, DO, nutrients (NH Biological monitoring could be limited to survey of two selected dominant species, L. hoffmeisteri and C. crystallinus, since dynamics of two taxa was found to effectively reflect the phenomenon/dynamics that occurred in the reservoir. It should be stressed that the investigations that apply in case of Mantovo could be extrapolated to other reservoirs in the country, as well as in the region. 
